Objective: Several studies have shown that stressful life events are associated with a subsequent significant increase in risk of multiple sclerosis (MS) exacerbations. We wanted to study prospectively whether stress can increase the risk of developing the disease itself.
Multiple sclerosis (MS) is a chronic autoimmune disease affecting the CNS with unknown causes. It appears that the etiology is multifactorial, including both genetic and environmental components. [1] [2] [3] Exposure to stress has long been suspected as a factor that can aggravate MS. There are many studies showing that among people diagnosed with MS, stressful life events are associated with a significant increase in risk of MS exacerbation in the weeks or months following onset of the stressor. 4 A number of mechanisms have been proposed, including mediation between stressful events and the immune system via the glucocorticoid and the ␤-adrenergic pathways. 5, 6 But it is not known whether stressful life events could increase the risk of developing the disease itself.
In spite of a general concern of such a relation particularly among many patients who report that they had been going through a stressful period prior to their first symptom of their disease, few studies have addressed this question. One prospective study found that among people without MS a traumatic stressor, the death of a child, significantly increased the risk of subsequent diagnosis with MS. 7 Moreover, the effect was strongest for parents who lost their child suddenly, as compared with those who did not, suggesting a possible dose effect. This suggests that stress not only can affect pathogenic processes in patients with MS, but that traumatic stressors can affect the risk of ever developing clinically diagnosable MS.
Therefore, we estimated the risk of developing MS related to major stress at work and at home and sexual and physical trauma in childhood in 2 large cohorts of US women.
METHODS Study population. The study population comprised women participating in 2 prospective studies of female registered nurses living in the United States: the Nurses' Health Study (NHS) and the Nurses' Health Study II (NHS II). The NHS was established in 1976 and recruited 121,700 nurses aged 30 to 55 years; the NHS II was established in 1989 and recruited 116,671 nurses aged 25 to 42 years. Every 2 years, women in these cohorts update lifestyle factors and are asked to report to us any major disease diagnoses, including MS. The procedure for ascertainment of the MS cases in these cohorts and the validity of this approach have previously been reported. 8, 9 Briefly, women reporting a new diagnosis of MS are asked for permission for study investigators to contact their neurologists. The neurologists completed a questionnaire regarding the diagnosis including the certainty of the diagnosis (definite, probable, possible, not MS, based on Poser criteria), clinical history (including date of MS diagnosis and date of the first symptoms of MS), and the results of laboratory tests including MRI. The diagnosis was supported by positive MRI findings in 76% (NHS) and 89% (NHS II) of the cases, reflecting a higher proportion of cases with recent onset in the NHS II. By June 2004, we documented 94 cases of definite and probable MS in the NHS with onset of symptoms after baseline in 1982 (when the exposure to stress was assessed). In the NHS II, there were 509 definite and probable cases by the end of 2005 with onset of symptoms during the study period, of whom 460 cases had had onset before the information on childhood trauma was ascertained in 2001.
Stress measurements.
In 1982, a total of 110,282 of the participants of NHS were sent a questionnaire including questions on stress at home and at work. A total of 94,185 of the nurses responded to this questionnaire, including 77 nurses who later developed MS. They were asked "How would you rate the amount of stress in your daily life? i) at home ii) at work" with "minimal," "light," "moderate," or "severe" as the response categories. This measure of stress has previously been shown to be a major predictor for suicide in this cohort. 10 The 2001 questionnaire sent to the participants of the NHS II included 22 questions on physical and sexual abuse in childhood and adolescence. Such traumas can fundamentally alter systems that mediate the effect of stress (e.g., sensitization of neuroendocrine response), reduce neuroendocrine regulation of inflammation (e.g., glucocorticoid resistance), and increase inflammatory activity. 11 These effects can extend into adulthood, suggesting that these systems are permanently altered by childhood trauma. 12 Child and adolescent sexual abuse was measured by questions regarding unwanted sexual touching and forced sexual activity adapted from a national survey conducted in 1995, 13, 14 while the questions on physical abuse were adapted from the Revised Conflict Tactics Scale. 15 A total of 68,505 women responded to this questionnaire (response rate of 75%) including 292 individuals who had developed MS between 1989 and 2001 or after the survey in 2001. Physical abuse was measured querying whether a participant's parent, stepparent, or adult guardian ever did the following to them: pushed, grabbed, or shoved; kicked, bit, or punched; hit with something that hurt; choked or burned; or physically attacked in some other way. For each type of physical abuse, respondents were asked about the frequency of the event (never, once, a few times, more than a few times). Questions were asked separately for childhood (up to age 11 years) and adolescence (ages 11-17 years). As described elsewhere, 6 a categorical physical abuse severity scale for childhood and adolescence was created ranging from a minimum score of 0 ϭ no physical abuse, 1 ϭ mild physical abuse, 2 ϭ moderate physical abuse, and 3 ϭ severe physical abuse. Those who had abuse experiences in several categories (e.g., those who experienced both mild and severe abuse) were classified as having the highest severity category.
Items on sexual abuse in childhood and adolescence included a question on forced sexual touching: "Were you ever touched in a sexual way by an adult or an older child or were you forced to touch an adult or an older child in a sexual way when you did not want to?" and a question on forced sexual activity: "Did an adult or older child ever force you or attempt to force you into any sexual activity by threatening you, holding you down, or hurting you in some way when you did not want to?" Respondents could answer "no, this never happened"; "yes, this happened once"; or "yes, this happened more than once." These questions on early physical and sexual abuse have previously been shown to be a predictor of diabetes and of an early start of smoking in the same study population. 16, 17 For both studies, information on smoking (never/past/current, pack-years: Ͻ10 packs/y, 10 -24, 25ϩ), body mass index (BMI) at age 18 (in kg/m 2 : Ͻ18.5, 18.5-21, 21-23, 23-25, 25-27, 27-30, 30ϩ), ethnicity (Scandinavian, Southern European, other Caucasians, others), and latitude at birth (south tier, middle tier, north tier) was available. The distribution of these covariates in the 2 cohorts has previously been reported. 9, 18, 19 The marked difference in the number of MS cases in the 2 cohorts reflects the prospective design in the NHS compared to the use of all prevalent cases in the NHS II. Further, the NHS II is also a younger cohort of women-they were 25-42 years old at baseline compared with 30 -55 in the NHS. Thus, the NHS women were largely past the age of peak MS incidence.
Standard protocol approvals and patient consents. Approval was received from the Brigham and Women's Hospital institutional review board, and written informed consent was obtained from all patients participating in the study.
Statistical methods. Analyses in the NHS were completely prospective (i.e., women who already had developed MS at the time level of stress was assessed [1982] were excluded from the analysis) and Cox proportional hazards models, conditioned on age and follow-up cycle, were used to estimate the risk of MS in the subgroups of reported stress at home or at work. Logistic regression was used to conduct a bidirectional analysis (retrospective considering cases from 1989 to 2001 and prospective considering cases from 2001 to 2005) of the associations of physical and sexual abuse on the risk of MS in the NHS II. All analyses in both cohorts were adjusted for age, ethnicity, latitude of birth, BMI at age 18, and smoking.
Based on the known distribution of the stress variables and the number of cases in the cohorts, we estimated a statistical power of 0.54 to detect a relative risk of 2.0 for comparing severe stress (prevalence ϭ 10%) with little/no stress (90%) in the NHS and 0.90 for comparing severe physical/sexual abuse (7%) with less/no abuse (93%) in the NHS II.
RESULTS
A total of 93,110 of the 94,185 (99%) nurses who responded to the 1982 questionnaire in the NHS had answered the questions on stress at home, while a lower percentage, 79% (74,297 out of 94,185), responded to the question on stress at work. A total of 87% (n ϭ 17,399) of the women who did not answer the question on stress at work reported to be "homemakers" at the time of study. Further, the distribution of stress at home for the individuals not responding to the question of stress at work was very similar to that of the rest of the respondents. The vast majority of those who responded to the question of stress at home in the total study population reported minimal to moderate stress, while only 8% reported severe stress at home (table 1). The corresponding figure for severe stress at work was 14%.
Stress measurements were available for 77 of the 94 women who had developed MS after 1982. Adjusting for age, ethnicity, latitude at birth, BMI at age 18, and biannually updated smoking status, there were no significant differences in the risk of MS between any of the levels of stress at home or at work (table 1). A total of 93,938 cases were included in these multivariate analyses after exclusion of cases with missing values on the covariates. Further, there was no trend of increasing risk associated with increased levels of stress. The levels with the highest risk were those who reported minimal stress at home and those who reported light stress at work.
To study whether there could have been a shortterm effect, we repeated the analyses with end of follow-up in 1992, i.e., 10 years later. The results were similar with no effect of the stress variables on the MS risk (data not shown).
In the NHS II, the scales on physical abuse in childhood (n ϭ 68,321) and adolescence (n ϭ 68,325) could be calculated for 99.7% of the women who responded to the questionnaire in 2001 including 292 of the 509 women who had developed MS in the total cohort. A total of 7% of the women reported severe physical abuse in childhood and a similar figure was reported for adolescence. There was no increased risk of MS for those who reported various levels of physical abuse during childhood or adolescence, adjusting for age, ethnicity, latitude of birth, BMI at age 18, and smoking (table 2).
The 4 questions on sexual abuse were answered by 99.2% of the women. The number of women included in the analyses was 68,242, 68,255, 68,240, and 68,264 for having been touched in a sexual way in childhood, in adolescence, and being forced into sexual activity in childhood and in adolescence, respectively. In childhood, approximately 10% reported having been touched in a sexual way several times, and 3% were forced into sexual activity several DISCUSSION In this study, general level of stress at home or at work in adulthood and physical and sexual traumas in childhood/adolescence were not associated with MS, although a slightly, nonsignificant elevated risk was found for those who reported to repeatedly have been forced into sexual activity. Typical of large cohort studies, we had no objective measurements of stress or any biological markers of long-term effects of stress. We evaluated 2 differ-ent types of stress: chronic daily home-and workrelated stress and childhood trauma. Both these measures have limitations in estimating meaningful levels of stress. The self-report on general stress level in daily life in adulthood might reflect temporary conditions. Measurement at one timepoint may not reliably or validly assess the forms of chronic stress that could potentially alter the immune system. Still, we did not find different results when restricting the follow-up to the decade following the year of stress measurement. Further, the questions on daily stress used in our study have previously been found to be strongly associated with increased risk of suicide in the same study population. 6 The increased risk for suicide was strongest for the 10 first years following measurement in 1982, but it was present also for the whole study period, suggesting that these measurements reflected a rather lasting level of stress or other factors related to stress perception in this cohort.
Physical and sexual traumas in childhood have been shown to be associated with marked neuroendocrine changes. 11 In addition to being stressful at the time, the effect of such traumas have also been shown to lead to higher stress reactivity later in life and an increased risk of psychiatric disorders. 12 But the long-term emotional impact of the early abuse was not assessed. Further, it could be that few traumatized individuals who had substantial negative health consequences from childhood abuse were in the study population, given the demanding nature of the nursing profession. We found no marked elevated risk for the groups of individuals who had been physically or sexually abused. There was a nonlinear borderline significant effect of sexual touching in childhood that is difficult to interpret, since the lowest risk of MS was found among women who had experienced sexual touching once. Further, the very small group of women who reported having experienced the most severe sexual abuse in childhood had a nonsignificant 50% increased risk. This prevents us from making firm conclusions regarding this exposure.
Our findings contradict the reports of a few previous studies. Two early case-control studies have reported a possible link between stress and the onset of MS. One study found that 79% of the patients reported stressful events 2 years prior to disease onset compared to 54% of the controls during a comparable period, 20 and another study reported similar findings for the 6 months preceding the first symptom. 21 This could indicate that since stress increases the risk of new episodes, it could also induce the first episode; i.e., the onset. However, recall bias, a major problem for retrospective design used in these studies, could possibly have influenced the results. The findings could also be an artifact in which the experience of stress is an early sign of underlying disease activity, which subsequently is expressed as a first symptom, i.e., stress being a marker of early disease activity. 22 In any case, the effect of stress in these observations would rather point to stress being a contributing triggering factor, rather than stress over longer period of time playing a more causal role in the disease development that is likely initiated several years prior to first clinical symptoms. 1 A large prospective study of bereaved parents found that these individuals had a significantly increased risk of developing MS after the death of their child, particularly after a follow-up for more than 8 years. 7 These results cannot be explained by recall bias or any other information bias, but, as the authors suggest, it is possible that unmeasured potential confounders, such as lifestyle factors or other environmental factors, could have explained part of the increased risk. Interestingly, in this particular cohort, bereaved parents also had an increased risk for myocardial infarction, 23 epilepsy, 24 cancers, 25 psychiatric hospitalization, 26 hospitalization for type II diabetes, 27 and total mortality, 28 and their later children (born after the death of the index child) had an increased risk of congenital malformations, 29 epilepsy, 30 and cerebral palsy. 31 Although it is possible that the risk of all these conditions is related to severe stress, factors associated with the disease of the child or factors related to the sudden death not taken into account in the analyses may also have contributed.
A major challenge when studying this relation is to achieve unbiased measurement of stress. A prospective design can overcome biases related to the effects of MS symptoms on self-reported stress. However, because the disease is infrequent, initiating a prospective study specifically with this aim is not feasible. Existing cohorts such as the one used in the present study provide unique opportunities, but can also have some liabilities. One part of the present study employed a longitudinal design, but this part of the study has a relatively low power considering the low number of cases that were found during the follow-up period. Further, studying the relationship between stressful life events and disease endpoints is difficult due to the complexity of the process by which a hypothesized triggering event in the environment could result in a disease event. The assessments used in this survey, while having demonstrated validity for other outcomes, were not designed for this study. The possibility that these assessments were not sensitive to the stressors and stress mechanisms that might increase risk of developing MS cannot be ruled out. Further, only female nurses were studied in this cohort, limiting our interpretation to women.
The results of this study do not support a major role of stress in the development of the disease. However, future studies with more focused and frequently measured stress assessments are needed to preclude a firm exclusion of stress as a potential risk factor for MS.
